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(54) Surface elastic vrnre device having bumps in a definite area on the device and method for 
manufacturing the same 



(57) A surface els^k; wave device is ptovktod in 
wtiich an influence of the stress k>ased on a difference of 
the coeff toients of thermal expansion between the sur- 
iace elastic wave chfp and a wiring substrate is reduced 
and a connection defective due to heat is prevented. 
When quartz is used for a surface elastic wave sub- 
strate (K1) and aluminum is used lor the wiring sub- 
strate (52), the surlace elastic wave devk:e is 
characterized in that txjmpe are arranged within a defi- 
nite area (B1) in aluminum pads (input electrode pad 



(4), output electrode pad (Q. and grourxi electrode pads 
(G1 to G8)) placed on a functional suitoe of the surface 
elastk; wave chip (1). According to the present inven- 
tion, an area in which the bumps are formed, a film 
thktoess of an aluminum pad (Al film thickness), the 
chip size of the surface elastic wave chip (1), and the 
number of the Iximps are defined to a surfece elastic 
wave sut>strate of quartz or LiTaQa. 
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Description 

[0001] The present invention relates generally to a 
surface elastic wave device in which a surface elastic 
wave chp is flip chip joined to a wiring substrate though 
bumps such as solder and, more particularly, to a sur- 
face elastic wave device characterized 1:^ locating 
bumps in a definite area on the surface elastic wave 
chip. 

[0002] A conventional surface elastic wave cNp and a 
surface elastic wave device formed by mounting the 
chfp on a wiring substrate will now be described in con- 
junction with tiie drawings. FIG. 8 is a plan view showing 
a conventional surface elastic wave chip and FIG. 9 is a 
cross-sectional view showing a surface elastic wave 
device in which tiie conventional surface elastic wave 
chip Is mounted on a wiring substrate. 
[0003] In FIG. 8, a surbce elastic wave chip 100 Is 
composed of a surface elastic wave substrate K1 such 
as quarts and interdlgital transducer electrodes 
(referred to as IDTs) 20, 30 formed on its substrate Kl . 
The IDTs 20, 30 have a comb-shaped electrode struc- 
ture, respectively, and are connected in series at a con- 
necting electrode portion 40. Furtiier, the IDT 20 has an 
input electrode pad 21 and ground electrode pads G21 , 
G22. G23, and G24, and tiie IDT 30 has an output elec- 
trode pad 31 and ground electrode pads 031, G32, 
G33. and G34. Soldering bumps 22 to 27 and 32 to 37 
are formed in the input electrode pad 21, tiie output 
electrode pad 31, and each ground electrode pad, 
respectively. 

[0004] A surface elastic wave device shown in FIG. 9 
was obtained such that, after a pad side of a surface 
elastic wave chip 100 was made to face a mounting sur- 
face of a wiring sut)strate 52 and txjmps 22, 23, and 24 
of the surface elastic wave chip 100 were electrically 
and mechanically connected to electrode pads 91, 93, 
and 94 on the wiring sut>strate 52, a lid 51 was sealed 
witii solder or attached by seam weld on a frame 53. 
Incidentally, other bumps of the surfoce elastic wave 
chip 100 are also connected to other electrode pads on 
the wiring sut>strate. 

[0005] FIG. 10 shows a surface elastic wave device 
indicated in Japanese Patent Laid-Open No. Hei 7- 
111438, in which a functional surface of the surfece 
elastic wave chip 100 and a mounting surface of a wir- 
ing substrate 62 are opposed, as shown in FIG. 9. 
[0006] in order to form a space between comb-sfiaped 
electrodes formed on the functional surface of tiie sur- 
face elastic wave chip 100 and the mounting surface of 
tiie wiring substrate 62, pads of tiie botti are electrically 
connected with each other through bumps 22. 23, and 
24 (as with the other bumps in FIG. 8). The surface elas- 
tic wave device has a mounting structure such tiiat. in 
order to shield the space from outside, the outer circum- 
ference of the surface elastic wave chip 100 is covered 
with an adhesive 70 including metal particles and its 
outside is encased by a solder material 61 . 



[0007] In tiie case of tiie surface elastic wave chip of 
FIG. 8, the area in which tiie bumps 22 to 27 and 32 to 
37 are placed is outspread over a wide range on the sur- 
face elastic wave substrate, so tiiat each bump is 

5 formed separately with each other. Specifically, the 
bumps 22. 27, 32, and 37 which are near to the center 
of the surface elastic wave chip and the txjmps 23, 24, 
25, 26, 33, 34. 35, and 36 which are located at the ends 
of the surl^ce elastic wave chip and are considerably 

10 distant from its center are formed. 

[0008] In tills case, when tiie surface elastic wave chip 
is mounted as shown in FIG. 9, there is a problem such 
that the stress is produced at the bumps of connecting 
portions k>ased on the difference of the coefficlenis of 

16 thermal expansion between the surface elastic wave 
chip 1 00 and the wiring substrate 52, which is occurred 
from the tiiermal stress and the temperature cycle test 
resulting from mounting the lid 51 after the surface elas- 
tic wave chip 100 and the opposing wiring substrate 52 

20 has been joined. Furtiier, the problem of the thermal 
stress is occurred during a temperature cycle test. Due 
to the thermal stress, a connection defective is occurred 
from the bumps located at the ervis of the chip distant 
from the center. This is because, in tiie case of FIG. 9, 

25 tiie stress to tiie bumps t>ased on the difference of the 
coefficients of thermal expansion between the surface 
elastic v^ve chip 100 and the wiring substrate 52 
becomes larger as it is apart from the center of tiie sur- 
face elastic wave substrate, so that the connection 

30 defective is apt to occur at the tximps 23, 24, 25, 26, 33, 
34, 35, and 36 located at the ends of the surface elastic 
wave chip cfistant from tiie center. 
[0009] On the otiier hand, in the case of tiie surface 
elastic wave chip in FIG. 1 0, there were problems which 

35 was similar to that in FIG. 9 and which provided inferior 
moisture resistance property when compared with tiie 
conventional airtight sealing because the functional sur- 
iacB of the surface elastic wave chip 100 is protected 
with tiie adhesive 70 including metal particles and also 

40 which Increased the cost due to the increase of the 
processes. In addition, it was difficult to control tiie 
inpouring range of the adhesive with metal particles fbr 
the purpose of formation of the space between comb- 
shaped electrodes and the nrK>untlng surface of the wlr- 

4s ing sufc>strate. 

[001 0] Therefore, the mounting structure of FIG. 1 0 is 
notdesiraisle. 

[001 1 ] It is an object of the present invention to reduce 
tiie influence of the stress based on tiie difference of the 

50 coefficients of thermal expansion between a surtee 
elastic wave chip and a wiring substrate and provide a 
surface elastic wave device and a method for manufac- 
turing the same which does not produce a connection 
defective due to heat 

55 [0012] The surface elastic wave device according to 
the present Invention is characterized in that, in a sur- 
face elastic wave device having a structure in which a 
surface elastic wave chip is connected to a wiring sub- 
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strate through bumps, a quartz is used for a surface 
elastic wave substrate of the surface elastic wave chip, 
and the bumps are placed within an area of maximum 
3.0 mm X ZM mm from a chip center in an aluminum pad 
placed on a functionat surliace of the surface elastic s 
wave chip. 

[0013] Particularly, in this case, it Is desirable to 
arrange 16 bumps or more within an area of 1.0-3.0 mm 
X 1.0^.0 mm from the chip center on a surfoce elastic 
wave chip with a chip size of 4-6 mm x 2-4 mm on an io 
aluminum pad with a film thickness of more than 6000 
angstroms on a functional surface of the surface elastic 
wavechIpL 

[0O14] In addition, it is desirable to arrange four or 
more bumps within an area of 0-1.0 mm x 0-1.0 mm on 75 
a surface elastic wave chip wHh a cNp size of at least 1 - 
2 mm on an aluminum pad with a film thickness of more 
tiian 6000 angstroms on a functional surface of the sur- 
face elestte wave chipi 

[0015] Further, tfie surfoce elastic wave devtoe 20 
according to the present invention is characterized in 
tiiat, in a surface elastic wave device having a structure 
in which a surfeu^ elastic wave chip Is bonded to a wir- 
ing substrate through bumps, LiTaOs is used for a sur- 
face elastic wave substrate of the surfoce elastic wave 25 
chip, and the bumps are arranged within an area of 
maximum 2.5 mm x 2.5 mm from the chip center on an 
aluminum pad placed on a functional surface of the sur- 
face elastic wave chip. 

[0016] Particularly, in this case, it is desirable to ao 
arrange 16 or more bumps within an area of 1 .0-2.5 mm 
X 1 .0-2.5 mm from the chip center on a surface elastic 
wave chip with a chip size of 2-4 mm x 2-4 mm on an 
aluminum pad with a film thickness of more than 3000 
angstroms on a functional surface of the surface elastic 3s 
wave chip. 

[0017] In addition, it is desiratsfe to arrange four or 
rTK)re bumps within an area of 0-1 .0 mm X 0-1 .0 mm in a 
surface elastic wave chip having a chip size with one 
side of at least 1-2 mm on an aluminum pad with a film 40 
thickness of more than 3000 angstroms on a functtonal 
surface of the surface elastic wave chip. 
[001 8] In the present inverrtion, a surface elastic wave 
device can eliminate the reflection from a temperature 
stress generated by reftowing for soldering the bumps 45 
and the temperature cycle change due to the environ- 
mental change. This is because the bumps are formed 
by defining the area, the film thickness of the alunn'num 
pad, arxl the number of the bumps corresponding to a 
chip size of the surface elastic wave chip. so 
[001 9] Additionally, in a method for manufacturing the 
surface elastic wave devkse. a surface elastk; wave chip 
is bonded to a wiririg substrate through the bumps, 
while the wiring substrate is heated at a higher temper- 
ature than that of the surfeice elastk) wave chip. This ss 
takes into account the coeff teients of thermal expansion 
of the surfoce elastic wave chip and the wiring sut>- 
strate, and contributes to the reduction of the reskiual 
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stress when the temperature lowers to a room tempera- 
ture. 

FIG. 1 is a plan view showing a surface elastic w^e 
chip in accordance with one emkxxJiment of the 
present invention; 

FIG. 2 is a cross-sectional view of a surface elastic 
wave devtee in which the surface elastic wave chip 
of FIG. 1 is mounted; 

FIGS. 3A to 3E are crossrsectionai view to he^ 
explain a m^od for maruifocturing the surface 
elastte wave devtee of FIG. 2; 
FIG. 4 is a plan view showing a surface elastk; wave 
devk:e in an experimenlal example In accordance 
with the enrtediment of the present inventkm; 
FIG. 5 is a plan view showing a surfeioe elastk; wave 
devk;e in another experimenlal example in accord- 
ance with tiie embodiment of the present invention; 
FIG. 6 is a table to explain the surface elastte wave 
chip in accordance with the embodiment of the 
present invention; 

FIG. 7 is a table to explain the experimental and 
comparative examples of the surface elastic wave 
chip in accordance with the embodimerYt of the 
present invention; 

FIG. 8 is a plan view showing a conventional sur- 
face elastic wave chip; 

FIG. 9 is a cross-sectional view of a conventional 
surface elastic wave device; 
FIG. 10 a cross-sectional view of another conven- 
tional surfece elastic wave device. 

[0020] Next, the embodiments of the present invention 
will be described in detail in conjunction with the accom- 
panying drawings. 

[0021] FIG. 1 is a plan view showing an embodiment 
of the surface elastic wave chip according to the present 
invention, and FIG. 2 is a cross-sectional view of a sur- 
face elastic wave device in which the surface elastic 
wave chip shown in FIG. 1 is mounted on a wiring sub- 
strate. In FIG. 1 , the surface elastic wave chip 1 is com- 
posed of a surface elastic wave substrate K1 such as 
quartz and interdigital transducer electrodes (referred to 
as IDTs) 2, 3 formed on the substrate K1 . The IDTs 2, 3 
have a comb-shaped electrode structure, respectively. 
Further, the IDT 2 has an input electrode pad 4 and 
ground electrode pads G1 , G2, G3, and G4. and Uie IDT 
3 has an output electrode pad 5 and ground electrode 
pads G5, G6, G7. and G8. Each electrode pad is an alu- 
minum pad. Bumps 10, 10', 11, 11', 12 to 19 (Au, Au/Pd, 
Cu. soMer, etc.) are formed in the input electrode pad 4, 
the output electrode pad 5, and each of ground elec- 
trode pads, respectively. 

[0022] The difference between the surface elastto 
wave chip 1 of FIG. 1 and the conventional sur^K^e elas- 
tic wave chip 1 00 of FIG. 8 is such that the ground elec- 
trode pads G1 to G8 of FIG. 1 are formed from the end 
of the surface elastic wave chip toward the center of the 
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chip, and the bumps 12 to 19 on each ground electrode 
pad are formed at the tip portion of the pad toward its 
center. That Is, the bumps 10 to 19 are arranged inside 
of an area B1 (denoted by a broken line) around a chip 
center of the surface elastic wave chip 1 . 5 

[0023] A surface elastic wave device of FIG. 2 was 
obtained such tliat after a pad side of a surface elastic 
wave chip 1 was made to face a nfK>unting surges of a 
wiring substrate 52 and bumps 10> 12, and 14 of the 
surtece elastic wave chip 1 were electrically and 10 
mechanically connected to electrode pads 91 , 93, and 
94 on the wiring substrate 52, a lid 51 was sealed with 
solder or stiached by seam weld on a frame 53. Inciden- 
tally, other bumps of the surface elastic wave chip 1 are 
also connected to other electrode pacte on the wiring is 
substrate. 

[0024] In FIGs. 1 and 2, the emlxxiiment of the 
present invention is characterized in that, when quartz 
is used for the surface elastic wave substrate K1 and 
aluminum is used for the wiring sul^strate 52, the bumps 20 
are arranged within a definite area B1 in the aluminum 
pads (the input electrode pad 4, the output electrode 
pad 5, and the ground electrode pads Q1 to Q8) placed 
on a functional surface of the surfooe elastic wave chip 
1. In the case of the surfoce elastic wave chip 1 of FIG. 26 
1, although the number of the bumps in the area B1 is 
12, this is only one example. 

[0025] In order to reduce the influerx;e of the stress 
based on the difference of the coefficients of thermal 
expansion t>etween a surface elastic wave chip and a 30 
wiring sut>strate and obtain a surface elastic wave 
device which does not produce a connection defective 
due to heat as a desirable emtxxliment according to 
the present invention, the area in which bumps were 
formed (the area B1 In FIG. 1), the film thickness of the 35 
aluminum pads (Al film thickness), the chip size of the 
surface elastic wave chip 1. and the number of the 
bumps to each surface elastic wave substrate were 
defined as shown In FIG. 6. In the case of the embodi- 
ment of the present invention, the relationship of FIG. 6 40 
does not affect the pattern of the IDT electrodes 2, 3 on 
the surface elastic wave chip. 

[0026] Hereinafter, FIG. 6 will be further described 
with reference to FIGs. 2 and 3. 

[0027] The surges elastic wave device of FIG. 2 is 4S 
characterized in that, when quartz is used for the sur- 
face elastic wave substrate Kl (FIG. 1 ) and aluminum is 
used for the wiring substrate 52, the thumps (the bumps 
10 to 19 in FIG. 1) are arranged within the area (the 
area B1 in FIG. 1) of maximum 3.0 mm x 3.0 mm from so 
the chip center in the aluminum pads (the input elec- 
trode pad 4, the output electrode pad 5. arKi the ground 
electrode pads G1 to G8) placed on the functional sur- 
face of the surface etetic wave chip 1. The chf>8izeof 
the surface elastic wave chip Is generally less than 6 ss 
mm X 4 mm, so that the chip size of 3.0 mm x 3.0 mm 
indicates the maximum area in wtuch the kximps are 
arranged in that case. 
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[0028] In the embodiment of the present invention, a 
plurality of bumps may be formed on one electrode pad. 
[0029] This will be further, specifically described in the 
relation of the area in which the bumps are formed, the 
film thickness of the aluminum pads (Al film thickness), 
the chip size of the surface elastic wave chip 1 , and the 
number of the bumps. In the first embodiment according 
to the present invention, quartz is used for the surface 
elastk; wave substrate Kl and aluminum is used for the 
wiring suk>strate 52, and the surface elastic wave chip 1 
with a chip size of 4-6 mm x 2-4 mm is used. In this 
case; 16 or more bumps are ananged within an area of 
1 .0-3.0 mm x 1 .0-3.0 mm (a square or rectangular area) 
from the center of the surface elastic wave chip on an 
aluminum pad with a film thickness of more tfian 6000 
angstroms on the functional surl£K;e of the surface elas- 
tic wave chip. 

[0030] In the second embodiment according to the 
present invention, when quartz is used for the surface 
elastk; wave substrate Kl and aluminum is used for the 
wiring substrate 52, and the surface elastic wave chip 1 
having a chip size with one side of at least 1-2 mm is 
used, four or more bumps are arranged within an area 
of 0-1 .0 mm x 0-1 .0 mm on an aluminum pad with a film 
thickness of more tfian 6000 angstroms positioned on 
the functional surface of the surtece elastic wave device. 
[0031 ] On the other hand, when LiTaOs (Lithium TTial- 
lium Oxide) is used for the surface elastic wave sub- 
strate Kl and aluminum is used for the wiring suk>strate 
52, the bumps are arranged within an area of 2.5 mm x 
2.5 mm from the chp center on an aluminum pad posi- 
tioned on the functional surface of the surface elastic 
wave chip. 

[0032] Specifically, in the third embodiment according 
to tiie present invention, when LiTaOs is used for the 
surface elastic wave substrate Kl and aluminum is used 
for the wiring substrate 52 and the surface elastic wave 
chip 1 with a chip size of 2-4 mm x 2-4 mm is used, 16 
or more bumps are arranged within an area of 1.0-2.5 
mm X 1 .0-2.5 mm from the chip center on an aluminum 
pad with a film tiiickness of more than 3000 angstroms 
positioned on the functional surface of the surface elas- 
tic wave chip. 

[0033] In the fourth embodiment according to tiie 
present invention, when LiTaOa is used for the suriace 
elastic wave substarate Kl and aluminum is used for tiie 
wiring substi^ate 52 and the surface elastic wave chip 1 
having a chip size with one side of at least 1-2 mm is 
used, four or more bumps are arranged within an area 
of 0-1 .0 mm X 0-1 .0 mm on an aluminum pad with a f im 
thk^kness of more than 3000 angstroms positioned on 
the functional surface of the surface elastic wave chip. 
[0034] According to the above-mentioned embodi- 
ments, tiie influence of the stress based on the differ- 
ence of the coeffidents of thermal expansion between 
tiie surface elastic wave chip and the wiring substrate 
can be reduced and the surfece elastic wave device 
whteh does not produce a connection defective due to 
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heat can be obtained. Incidentally, glass-ceramic can be 
used for the wiring substrate as well instead of alumi- 
num. 

[0035] N^. a preferable method for manufacturing 
the surface elastic wave device in FIG. 2 will be s 
described with reference to FIG. 3. 
[0036] Firstly, bumps (Au. Au/Pd, Cu. solder, etc.) 10 
to 19 are formed in aluminum pads constituted within a 
delinite range (the area B1 in FIG. 1) in the surfiace elas- 
tic wave substrate K1 (FIG. 3A) (FIG. SB). io 
[0037] When a quartz with a chip size of 4-6 mm x 2- 
4 mm is used for the surface elastic wave substrate K1 , 
the buipps are formed within the area 81 of maxinnum 
3.0 nun X 3.0 mm from the chip center. Next, a func- 
tional surface including the pacte and a mounting sur- is 
face of the wiring substrate 52 (aluminum or glass- 
cerannic) are mad e to feice to bond the pads of the wiring 
suk>strate 52 arxi the bumps 10 to 19 (FIG. 3C). 
[P038] During bonding, while the surface elastic wave 
chfp 1 is healed to a temperature of 200 degrees C to so 
250 degrees C and the wiring substrate 52 is heated to 
a temperature of 350 degrees C to 500 degrees C, 
higher than that of the former, they are pressurized and 
held for a given period of time. 
[0039] Further, there is a method such that, in order to 
improve the reliability, the wiring substrate 52 is held 
below 200 degrees C and the surface elastic wave chip 
1 is field at a room temperature (20 to 25 degrees C), 
and they are pressurized, while the ultrasound wave is 
applied to them. 30 
[0040] In either case, the setting of the heating tem- 
perature takes the coefficients of thermal expansion of 
the surface elastic wave chip and the wiring substrate 
into consideration, and contributes to the reduction of 
the residual stress when the temperature lowers to the as 
room temperature. 

[0041] Then, In order to prevent the corrosion of the 
IDT electrodes 2, 3 including a lot of aluminum, the air- 
tight sealing is performed by seam weld or soldering 
sealof the lid 51. 40 
[0042] On the other hand, in FIG. 38, when UTaOs 
with a chip size of 2-4 mm x 2-4 mm is used for the sur- 
face elastic wave substrate K1, the fcxjmps are formed 
within an area of maximum 2.5 mm x 2.5 mm from the 
chip center. In addition, during bonding as shown in 4S 
FIG. 3C, while the surface elastic wave chip 1 is heated 
to a temperature of 200 degrees C to 250 degrees C 
and the wiring substrate 52 is heated to a temperature 
of 350 degrees C to 500 degrees C. higher than that of 
the former, they are pressurized. so 
[0043] Then, in order to prevent the corrosion of the 
IDT electrodes 2, 3 including a lot of aluminum, the air- 
tight sealing is perfbrmed by seam weld or soldering 
seal of the lid 51. 

[0044] Next, experimental examples and comparative ss 
examples will be described using FIGs. 4, 5, and 7. In 
FIGs. 4 and 5, the surface elastic wave substrate K1 
made of quartz with high coefficient of thermal expan- 



sion is used, and a plurality of bumps 102 of solder or 
Pb are formed on pseudo aluminum pads 101. The 
position of the bumps 102 are simulated to the actual 
txjmps 1 0 to 1 9 of the surface elastic wave chip 1 shown 
in FIG. 1 . The formation ranges of the bumps are differ- 
ent between FIGs. 4 and 5. The experimental surface 
elastic wave chips sfiown in FIGs. 4 and 5 were flip chip 
mounted on the wiring sut)strate 52 as shown in FIG. 2. 
Thereafter, reliat)ility testing will be executed. 

[0045] FIG. 7 is the result of confirmation off the Junc- 
tion condition for every process. In the reliability assess- 
ment processes, a reflow test at 250 degrees C and a 
temperature cycle test which repeated one cycle for 50, 
1 00, and 200 times were executed. The cycle is defined 
such that, after a temperature is lowered down firom a 
room temperature to -55 degrees C and then it is risen 
up to 85 degrees C, it is returned back to tfie room tem- 
perature. The result is expressed by normal 
number/assessment sample number. 

(Experimental example 1) As a result of forming 16 
bumps in an aluminum pad with a chip size of 4 mm 
X 1 .5 mm, a film thickness of 7000 angstroms, and 
a bump area of 2.5 mm x 2.5 mm, no junction failure 
occurred in the reflow test and the temperature 
cycle test. That is, the reliatxiity can be secured by 
forming the bumps in an area in which the thermal 
stress applied to a junction is less affected in the 
processes after the mount process. 

(Experimental sample 2) As a result of forming 24 
bumps In an aluminum pad with a chip size of 6 mm 
X 1 .5 mm. a film thickness of 7000 angstroms, and 
a bump area of 2.5 mm x 2.5 mm, no junction failure 
occuned in the reflow test and the tenperature 
cycle test. 

(Comparative example 1) As a result of forming 24 
tximps in an aluminum pad with a chip size of 6 mm 
X 1 .5 mm, a film thickness of 5000 angstroms, and 
a txjmp area of 2.5 mm x 2.5 mm, some junction 
failures occurred in the reflow test arxi the tenrpera- 
ture cycle test. The failures occurred because the 
film thickness of the aluminum pad was thinner than 
6000 angstroms. 

(Conrparative exarnple 2) As a result of forming 16 
txjmps in an aluminum pad with a chip size of 6 mm 
X 1 .5 mm, a film thickness of 5000 angstroms, and 
a bump area of 1 .5 mm x 1 .5 mm, smaller tiian that 
of comparative example 1, some junction failures 
occurred in the temperature cycle test. The faihires 
occunred because the film thickness of the alumi- 
num pad was thinner than 6000 angstroms. 

(Comparative example 3) As a result of forming 8 
burrps in an aluminum pad wrtfi a chip size of 6 mm 
X 1 .5 mm, a film thkdmess of 7000 angstroms, and 
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a bump area of 1 .5 mm x 1 .5 mm, smaller than that 
of comparative example 1 . some junction failures 
occurred in the temperature cycle test. The failures 
occurred b^use the number of the bumps was 
smaller than 16. 5 

[0046] When a bump area is 1.0-3.0 mm x 1.0-3.0 
mm. if the number of the bumps is smaller than 16, the 
junction failure may occur in either assessment. 
[0047] The above description related to a surface io 
elastic wave substrate made of quartz, however, in the 
case of UfaO^, junction failures were confirmed in a 
bump number, a film thickness, and a bump area other 
than the third and fourth embodiment of the present 
invention. is 
[0048] In this way, the embodiments of the present 
invention can prevent the junction failure of the bumps 
due to the temperature change and the thermal stress 
by totally influencing not only the bump area but also the 
film thickness of the aluminum pad and the number of 20 
the bumps. 

[0049] As explained ak>cve, according to the present 
invention, by defining an area In which bumps are 
formed to a chip size of a surfece elastic wave sub- 
strate, an influence of Itie stress based on the difference 25 
of tfm coeffldenls of thermal expansion between the 
surface elastic wave chip and the wiring substrate can 
be reduced arxi also the surface elastic wave device 
and the method for manufacturing the same which do 
not produce a connection defective due to heat can be 30 
obtained. 

[OOSO] According to the present invention, by defining 
an area in which bumps are formed, a film thickness of 
an aluminum pad (Al film thickness), the chip size of the 
surface elastic wave chip 1, and the number of the 3S 
bumps to a surface elastic wave substrate of quartz or 
UTaOa, an influence of the stress based on the differ- 
ence of the coefficients of thermal expansion between 
the surface elastic wave chip arKi the wiring substrate 
can be reduced and also the surtece elastic wave 40 
devrce and the method for manufacturing the same 
which do not produce a connectbn defective due to 
heat can be obtained. 

Claims 45 

1 . A surface elastic wave devk;e having a structure in 
whteh a surfoce elastic wave chip is connected to a 
wiring substrate through txjmps, the surface elastic 
wave device is characterized in that, so 

said surface elastic wave chip has a qumtz 
surface elastte wave substrate, a elastic wave gen- 
erating electrode placed on said quartz surface 
elastic wave substrate, and aluminum pads con- 
nected to sakJ elastk; wave generating electrode, fiff 
and the bumps are placed on said aluminum pads 
within an area of maximum 3.0 mm x 3.0 mm from 
a chip center of said surface elastic wave chipi 



2. The surface elastic wave device according to daim 
1, characterized in that, 16 or more bumps are 
arranged within an area of 1.0-3.0 mm x 1.0-3.0 
mm from the chip center in said surface elastic 
wave chip having a chip size of 4-6 mm x 2-4 mm 
on said aluminum pads with a thickness of more 
than 6000 angstroms. 

3. The surface elastic wave device according to damn 
1. characterized In that, four or more bumps are 
arranged within an area of 0-1 .0 mm x 0-1 .0 mm in 
said surface elastic wave chip having a chip size 
with one side of at least 1-2 mm on said aluminum 
pads with a thk^kness of more than 6000 ang- 
stroms. 

4. A surface elastk; wave device fiaving a structure in 
which a surface elastic wave dnUp is connected to a 
wiring substrate through bumpe. the surfoce elasfc 
wave device is characterized in tfiat, 

said surface elastic wave chip fias a UlaO^ 
surface elastk: wave substrate, a elastic wave gen- 
erating electrode placed on said LiTaOs surface 
elastic wave substrate, and aluminum pads con- 
nected to said elastic wave generating electrode, 
and the bumps are placed on said aluminum pads 
within an area of maximum 2.5 mm x 2.5 mm from 
a chip center of saki surface elastic wave chip. 

5. The surface elastic wave device according to daim 
4, characterized in that, 16 or more txjmps are 
arranged within an area of 1.0-2.5 mm x 1.0-2.5 
mm from the chip center in said surface elastic 
wave chip having a chip size of 2-4 mm x 2-4 mm 
on said aluminum pads with a thickness of more 
than 3000 angstroms. 

6. The devk;e according to claim 4 or 5, characterized 
in that, four or more bumps are arranged within an 
area of 0-1 .0 mm x 0-1 .0 mm in said surface elastic 
vk^e chip having a chip size with one side of at 
least 1-2 mm on said aluminum pads with a ttiick- 
ness of more tfian 3000 angstromsw 

7. The device according to any one of claims 1 to 6, 
characterized in that said elastic wave genersrting 
electrode is an interdigital transducer electrode, 
an6 saki aluminum pads are connected to saki 
interdigital transducer electrode arxi positioned in 
tfie direction of the chip center. 

8. The device according to any one of daims 1 to 7, 
characterized in that saki bumps indudes a plurality 
of bumps which are placed on one pad of said alu- 
minum pads. 

9. A method for manufacturing a surfece elastic wave 
device fiaving a structure in which a surface elastic 
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wave chip having a quartz surface elastic wave sub- 
strate and aluminum pads placed on said quartz 
surface elastic wave substrate is connected to a 
wiring ^bstrate through bumps, comprising the 
steps of, 

arranging 16 or more bumps within an area 
of 1.0-3.0 mm x 1.0-3.0 mm from a chip center in 
said surface elastic wave chip with a chip size of 4- 
6 mm X 2-4 mm on said aluminum pads with a thick- 
ness of more than 6000 angstronns on a functional 
surface of said quartz surface elastic wave sub- 
strate and, 

heating said wiring substrate at a higher 
temperature than that of said surface elastic wave 
chip, to t3ond said surface elastic wave chip to said 
wiring substrate through said bumps. 
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substrate and aluminum pads placed on said 
UTaOs surface elastic wave substrate is connected 
to a wiring sibstrate through bumps, comprising 
the steps of, 

arranging four or more ixjmps within an area 
of 0-1 .0 mm X 0-1 .0 mm from a chip center in said 
surface elastic wave chip with one side of at least 1 - 
2 mm on said aluminum pads with a thickness of 
more than 3000 angstroms on a functional surface 
of said LiTaOa surface elastic wave substrate and, 

heating sakl wiring substrate at a higher 
temperature than that of said surface elastic wave 
chip, to tx>nd said surface elastk; wave chip to said 
wiring substrate through saM bumps. 



IS 



10. A method for manufacturing a surface elastic wave 
device having a structure in which a surface elastk? 
wave chip having a quartz surtece elastic wave sub- 20 
strate and aluminum pads placed on said quartz 
surface elastic wave substrate Is connected to a 
wiring substrate through bumps, comprising the 
steps of, 

arranging 16 or more bumps within an area 2S 
of 1 .0-3.0 mm x 1 .0-3.0 mm from a chip center in 
said surface elastic wave chip having a chip size 
with one side of at least 1-2 mm on said aluminum 
pads with a thickness of more than 6000 angstroms 
on a functional surface of said quartz surface elas- 30 
tic wave sutDStrate and, 

heating said wiring substrate at a higher 
temperature than that of said surface elastic wave 
chip, to txxid said surface elastic wave chip to said 
wiring substrate through saki kxinps. as 



11. A method for manufacturing a surface elastic wave 
device having a structure in which a surface elastic 
wave chip having a LiTaOs surface elastic wave 
substrate and aluminum pads placed on said 
LiTaOs surface elastic wave substrate is connected 
to a wiring sut>strate through bumps, comprising 
the steps of, 

arranging 16 or nx>re tximps within an area 
of 1.0-2.5 mm x 1.0-2.5 mm from a chip center in 
said surface elastic wave chip with a chip size of 2- 
4 mm X 2-4 mm on sakJ aluminum pads with a thick- 
ness of more than 3000 angstroms on a functional 
surtee of sakl LiTaQs surface elastic wave sub- 
strate and, 

heating sakl wiring substrate at a higher 
temperature than ttiat of said surface elastic wave 
chip, to bond saki surface elastk; wave chip to said 
wiring substrate through saki bumps. 

12. A method for manufacturing a surface elastk; wave 
device having a structure in wNch a surface elastic 
wave chip having a UTaOs surface elastic wave 
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